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A 4a-carbinolsminc intermediate is generated stoichiomctrically during the tctrahydrobioplcrin-dcpendcnl phenylalanine hydroxylation reaction 
catalyzed by phcnylalaninc hydroxylasc. The dehydration of the cnrbinolaminc is catalyzed by the enzyme. 4a-hydroxytctrahydropterin dchydra- 
tase. We have now examined the distribution ofthe dchydratasc activity in various rat tissues by activity mcasurementsand by immunohlotanalysis 
to explore the possibility that the dehydrdtasc may also play a role in tyrosinc and tryplophan hydroxylution. The only two tissues that express. 
reltitivri~ high dehydratase activity arc liver and kidney, which arc also the only two tissues that cxprcss phenylalaninc hydroxylase activity. The 
dehydratase activity was generally very low in those tissues which contain high levels of tyrosinc and tryptophan hydroxylase activity, except for 
the pineal gland. These results suggest hat the dehydratasc may not play an important role in the regulation of the synthesis of those ncurotrans- 
mitters which arc derived from the hydroxylated aromatic amino acids. 
Phcnylalaninc; Hyperphcnylalanincmia; Tctrahydrobioptcrin; 7.Biopterin; Phcnylalanine hydroxylase; 4a-Carbinolaminedcbydratase;4a-Hydroxy 
tctrahydrobioptcrin 
1. 1NTRODUCTlON 
Phenylalanine hydroxylase catalyzes the tetrahydro- 
biopterin (BHJ-dependent conversion of phenylalanine 
to tyrosine, the rate-limiting step in the catabolism of 
phenylalanine to carbon dioxide and water [I] (equation 
(1)). 
Phenylalanine + 0, + BH, 3 Tyrosine + 13HjOH (1) 
The tetrahydropterin cofactor is stoichiometrically 
oxidized to a carbinolamine, 4a-hydroxytetrahydrobi- 
opterin (BHXOH), and must be regenerated to function 
catalytically [2]. Two additional enzymes and a reduced 
pyridine nucleotide play a role in this regeneration: 4a- 
carbinolamine dehydratase, which catalyzes the dehy- 
dration of BHJOH to quinonoid dihydrobiopterin, and 
an NADH- dependent dihydropteridine reductase, 
which catalyzr:s the reduction of quinonoid dihydrobi- 
opterin back to BH,. Little is known about the dehydra- 
tase beyond its mechanism of action, which was eluci- 
dated in studies carried out with the pure rat liver en- 
zyme [2,3]. The tissue distribution has not been re- 
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ported. The other aromatic amino acid hydroxylases, 
tyrosine and tryptophan hydroxylase, have a high de- 
gree of homology with phenylalanine hyroxylase and 
catalyze similar BH,-dependent hydroxylation reac- 
tions [I]. To date, however, there have been no studies 
on the role of the 4a-carbinolamine dchydratase in the 
regeneration of the cofactor after the hydroxylation of 
tyrosine and tryptophan. 
We have now determined the distribution of the dehy- 
dratase in various rat tissues, including different areas 
of the brain. The results of these studies may have a 
bearing on the potential role of the dchydratase in the 
regulation of tyrosine and tryptophan hydroxylase ac- 
tivities. 
2. MATERIALS AND METHODS 
t..Phcnylalaninc. L-tyrosinc. NADH. glucose 6-phosphate, and glu- 
cose 6.phosphate dehydrogcnase (from Lcucunouro~ tttcscttrrroidcs) 
were purchased from Sigma. L-[U-l’C]phenylalaninc (I 7. I GDqlmmol) 
wus purchased from Amersham. Beef liver cataluse was from Boehrin- 
ger-Mannhcim. Sheep liver dihydroptcridine reductase was purified 
through the calcium phosphategel step as described [4]. Phenylalanine 
hydroxylasc was purified from rat liver and activity measured as prc- 
viously described 151. (6R)-BH, was obtained from E. S&irks’ Labora- 
tory (Jona. Switzerland). 4a-Curbinolaminc dehydratase was purilied 
to homogeneity from rat liver [6] and its activity dctcrmined by minor 
modifications of the method described by Huang et al. [6] which 
meldsums the stimulation of the IiH,-dcpendcnt rate of phcnylalanine 
hydroxylation under conditions whcrc the rate is limited by the break- 
down of the carbinolamine intcrmediatc, Thccndogcnous hydroxylase 
aclivity in crude extracts was measured Tar each tissue sample and the 
appropriate corrections were made. 
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Polyclonal antibodies were raised in rabbits by subcutaneous injec- 
tions of pure dehydratasr in complete Fraund’s adjuvant. Four injcc- 
tions were made at 9-10 day intervals. Six weeks after the last boost, 
a final injection was administered. 40 pg of either pure dehydratasc 
or gel slices containing the purified protein were used as ntigens. The 
antibody was purified from serum by precipilation with 0.66 vol. of 
saturated ummonium sulfate followed by affinity chromatography on 
a dehydratasc-Aminolink column (Pierce). 
3. RESULTS AND DISCUSSION 
The 4a-carbinolamine d hydratase was originally de- 
tected as a contaminant i  several partially purified liver 
enzyme preparations on the basis of its ability to stimu- 
late the BH,-dependent activity of phenylalanine hy- 
droxylase [7,8]. The stimulator protein was subse- 
quently purified to homogeneity from rat liver and its 
stimulating activity was shown to be due to the catalysis 
of the dehydration of the 4a-carbinolamine intermedi- 
ate generated uring the BH,-dependent hydroxylation 
reaction [2,3,9], The dehydratase activity was also 
shown to be present in human liver [6] but its distribu- 
tion in other tissues was not examined at that time. 
Since the other aromatic amino acid hydroxylases, tyro- 
Table I 
The 4+carbinolamine dehydratase activity in various rat tissues 
Tissue 
.- 
Relative dehydratase activity 
Liver 100 
Kidney 32.0 
Pineal 14.4 
Pituitary 603 
Hypothalamus 4.0 
Adrenal medulla 2.6 
Pancreas 2.4 
Cerebellum 2,1 
Whole brain 2.0 
Striatum I ,9 
Mid-brain 1.7 
Cortex 1,6 
Heart 1.5 
Spleen 1.4 
Lungs 1,4 
Medulla-pons 1.3 
Hippocampus 1,3 
Ovaries 0.6 
Adrenal cortex 0,4 
The dehydratase activity in each rat tissue extract (1 @4 ml) was 
determined by measurement of the stimulation of the phenylalaninc 
hydronylase-dependent conversion of [“C]phcnylalanine to [I%Jtyro- 
sine. This assay contained 60 mM Tris-HCI (pH 8.5), 0.1 mg/ml 
catalase, 0.256 mM NADH, 1.0 mM phenylalanine (02 GBqlmmol), 
10 mM glucose 6.phosphate, an excess of both glucose B-phosphate 
dehydrogenase and dihydropteridinc rcductase, phenylalaninic hy- 
droxylasc (1.4ymol of tyrosine per min). the indicated extract. und 5 
PM (6R)-BH4. The results are expressed ::!a:ive to the amount of 
activity found in rat liver and are on a wet weight basis. The dehydra- 
tase activity in rat liver was 174 U per g. One U of activity is defined 
as the amount that stimulates the formation of I additionalAmo of 
tyrosine over the amount formed in the absence of stimulator activity 
in 30 min. 
74 
LETTERS May 1992 
ANTISERUM ADDED [PI) 
Fig. 1. lmmunotitration of 4a-carbinolamine dehydratase activity in 
rat liver extracts, Rat liver extracts (25 ~1) were incubated overnight 
at 4°C with increasing volumes of rabbit antiserum. Control rabbit 
antiserum was added to maintain the total volume of rabbit serum at 
100~1. The samples were assayed by the continuousspectrophotomet- 
ric assay [6]. 
sine hydroxylase and tryptophan hydroxylase, catalyze 
BHA-dependent hydroxylation reactions which presum- 
ably also generate the same 4a-carbinolamine interme- 
diate, it might be expected that the dehydratase could 
play the same role in the formation of quinonoid dihy- 
drobiopterin with these two hydroxylases as it does with 
phenylalanine hydroxylase. However, the possible stim- 
ulating effect of the dehydratase on in vitro activity of 
either tryptophan or tyrosine hydroxylase has not yet 
Seen reported. 
One approach to investigate a potential in vivo role 
for the dehydratase in the hydroxylation of tyrosine or 
tryptophan is to determine the distribution of the dehy 
dratase activity in various rat tissues and compare it 
with the known distribution of aromatic amino acid 
hydroxylase activities. As expected, the greatest dehy 
dratase activity was found in rat liver and kidney, the 
only two tissues that contain phenylalanine hydroxylase 
activity [l,lO] (Table I). We also re-confirmed the pres- 
ence of dehydratase activity in human liver and deter- 
mined that it contains 30% of the activity found in rat 
liver (data not shown). Interestingly, rat adrenal gland 
and rat striatum, tissues with the highest levels of tyro- 
sine hydroxylase activity [L I], have very low levels of 
dehydratase activity. In contrast, the pineal gland, 
which contains a large amount of tryptophan hydrox- 
ylase activity [l], has nearly 50% as much dehydratase 
activity as is present in the kidney. However, midbrain 
regions which have similar tryptophan hydroxylase ac- 
tivities as the pineal, were found to be nearly devoid of 
dehydratase activity. In contrast, significant amounts of 
dehydratase activity were also found in the pituitary 
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Fig. 2. Tmmunoblot analyses of 4a-carbinolamine dehydratase in rat tissues and human liver. SDS-PAGE was performed with prc-cast 10% gels 
(Novcx) in a mini-gel apparatus (Novcx). Antibody-positive bands were visualized after transblotting by reaction with alkaline phosphatase- 
conjugated goat anti-rabbit Fc (Promcga Biotec) according to the manufacturers directions. (A) lane I. pre-stained standards (Integrated Separa- 
tions Systems) of molecular weights (kDa, from top to bottom) 20.4, 17.0. 14.4,8.2,6.2; lane 2, I .9 kg of pure dehydratase; lane 3,Spl of rat liver 
extract, (B) lane I, molecular weight standards; lane 2.0.4,~g of pure dehydratase; lane 3 ,2.5 ~1 of human liver extract; lane 4.2.5~1 of rat kidney 
extract; lane 5.5.0~1 of rat pineal extract. The arrows indicate the position of the 12.3 kDa subunit of the puredchydratase. All tissues wereextracted 
at a weight-to-volume ratio of 1:3. 
gland and in the hypothalamus, two areas of the brain 
which are relatively low in hydroxylase activity. In fact, 
dehydratase activity above background levels cou!d be 
detected in all tissues that were examined. However, it 
must be stressed that because of the known rapid spon- 
taneous and non-specific catalytic dehydration of the 
carbinolamine [2], the very small amounts of activity 
detected in some rat tissues may not be solely due to the 
catalytic activity of the 4a-carbinolamine dehydratase 
itself. 
In order to further probe this question, an antibody 
was prepared against pure rat liver carbinolamine dehy- 
dratase and used as a specific inhibitor. This antibody 
was effective at completely inhibiting the dehydratase 
activity in crude rat liver extracts as shown in Fig. 1, 
suggesting that the dehydratase is responsible for all of 
the measured activity in rat liver. Furthermore, the an- 
tiserum inhibited the dehydratase activity of kidney, 
pineal, pituitary, and hynothalamus extracts (data not 
shown). Other tissues with very low activity were not 
tested. 
Nitrocellulose blots of pure rat liver dehydratase and 
of rat liver extracts were probed with affinity-purified 
anti-dehydratase antibody as shown in Fig. 2A. A 
major positive band was found which corresponded 
with the Coomassie blue-stained peptide at 12.3 kDa of 
the pure dehydratase (not shown). This molecular 
weight is in excellent agreement with the molecular 
weight of the subunit determined previously [6]. As 
shown in Fig. 2B, extracts from human liver, rat kidney, 
and rat pineal gland also contain detectable amounts of 
anti-dehydratase antibody positive material at 12.3 
kDa. There were correspondingly fainter bands with the 
same molecular weight detectable in pituitary as well as 
in adrenal medulla extracts, in agreement with the re- 
sults of the direct activity measurements shown in Table 
I. We could not detect stimulating activity or Westem- 
positive material in primary human fibroblasts or in 
human blood cells, limiting the usefulness of this tech- 
nique for routine genetic screening purposes. 
Recently, a new form of hyperphenylalaninemia h s 
been described which is characterized by an increased 
excretion of the 7 isomer of bioptcrin [12]. Our labora- 
tory [ 131, as well as others [14], has suggested that an 
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absence of 4a-carbinolamine d hpdratase activity could 
be responsible for both the hyperphenylalaninemia and 
the production of 7-biopterin. The tissue distribution 
studies reported here may have some relevance to any 
potential interference with neurotransmitter syntheses 
which could result from a lack of dehydratase activity 
in the tyrosine and tryptophan hydroxylation reactions, 
assuming that the distribution is similar in humans. 
In summary, the results presented here on the co- 
localization of dehydratase and phenylalanine hydrox- 
ylase in liver and kidney lend further support to the 
previously postulated role for the 4a-carbinolamine de- 
hydratase in the regulation of phenylalanine hydrox- 
ylase activity [33. The lack of correlation with tyrosine 
hydroxylase and tryptophan hydroxylase activity, how- 
ever, was unexpected and may reflect a diminished re- 
quirement because of the slower rates of turnover of 
these hydroxylases compared to phenylalanine hydrox- 
ylase. On the other hand, the possibility still exists that 
the dehydratase and tyrosine and tryptophan hydrox- 
ylases may be co-localized in specific neurons. If this 
were the case, the dehydratase could still play a role in 
the synthesis of neurotransmitters despite the finding of 
low levels of the dehydratase when determined at a 
gross tissue level. Further studies are necessary to estab- 
lish the nature of the defect in patients who have been 
proposed to have a dehydratase deficiency. The specific 
antibody that was generated for these studies hould be 
useful to obtain cDNA for further human genetic 
screening and confirmation of diagnoses. 
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